Convincing direct evidence that in dogs the secretion of BSP into bile is limited by a maximal rate, similar to the transport maximum (Tm) for certain substances secreted by the renal tubules, has been provided by Wheeler and co-workers (1, 2) . They also showed that the Tm for BSP may be estimated from observations on peripheral plasma concentrations during different rates of constant infusion without resort to bile collections, hepatic venous sampling, or measurement of hepatic blood flow. The colorimetrically determined maximal output of BSP in dog bile was equal, on the average, to 87.57o% of the estimated Tm. The existence of a rate-limited BSP transport mechanism in man was inferred from the achievement of a state in which the hepatic removal rate was independent of the absolute plasma concentration and related only to the rate of change of plasma concentration. Utilizing the constant-infusion technic, estimations of Tm in man, analogous to those in the dog, have been reported by Wheeler and his group and by workers in other laboratories as well (3, 4) .
The experiments reported herein were performed on a person with complete obstruction of the distal common bile duct due to cancer of the pancreas; a T-tube had been placed in his bile duct without an attempt to remove the obstructing lesion. This circumstance provided an opportunity to obtain evidence supporting the concept of a transport maximum for biliary excretion After completion of the third hour of the first study, bile was collected at half-hour intervals for an additional 3 hours without further infusion of BSP. In the second study, after completion of the third hour, a fourth constant infusion of BSP was administered at the rate of the theoretical Tm (2.9 mg per minute). During this fourth infusion period at the Tm rate, an additional 200 mg of BSP was rapidly injected intravenously. Bile, serum, and urine specimens were obtained and analyzed as described above.
Results
Concentrations in bile and in serum. Figure 1 illustrates the estimation of theoretical Tm and S for BSP and the S obtained during the second study in this patient. (The results of both studies were virtually identical; therefore, only those from the second will be reported in full detail.) Plasma concentration changed in linear fashion with respect to time during the latter half of each infusion period (Figure la) . Figure lb illustrates the estimation of Tm (where Ap/At = 0). The hepatic removal rate was greater than the excretory rate during the periods of increasing plasma concentration, indicating accumulation of BSP in the liver. When the plasma concentration was falling (second infusion period), the removal rate was less than the excretory rate, indicating net depletion of stored BSP (Figure lc).
In Figure 2 the colorimetrically measured BSP excreted in the bile during different rates of continuous intravenous infusion of the dye is compared with the theoretical Tm determined simultaneously. BSP first appeared in the bile between 15 and 30 minutes after the start of the initial infusion. Probably after 30 minutes and certainly by 40 minutes, a maximal rate for biliary excretion of BSP had been attained. The Tm for BSP determined calorimetrically ranged from 1.6 to 3.1 mg per minute with a mean of 2.4 ± 0.5 (SD) during the continuous 3-hour infusion of the dye. Thus the average colorimetrically determined Tm was 89.7 and 82.8% of the theoretical Tm in the first and second studies, respectively. That both theoretical and calorimetrically determined Tm's for BSP are well below the normal value for the theoretical measurement (Table I) emphasizes that the patient studied cannot be considered as normal with respect to hepatobiliary function.
The range of BSP concentrations encountered in bile during the continuous infusions was from 267 to 1,820 mg per 100 ml, and the bile flow rate varied from 0.10 to 0.42 ml per minute. Figure  3 shows the variations in bile flow rate and BSP concentration in bile during the different rates of continuous intravenous infusion of BSP. The higher rates of bile flow appeared to coincide with the lower BSP concentrations and the lower rates of bile flow with the higher BSP concentrations, regardless of the rates of infusion. Accordingly, a correlation regression analysis was made of bile BSP concentration on bile flow rate. Figure 4 shows the results of this analysis. There was a significant negative regression of bile BSP con- (BSP IV) was found. Eluted BSP III and BSP IV were combined as "BSP III" for determinations in these experiments. In 15 determinations, 91.0 ± 4.1% and 85.2 ± 3.6% of BSP added in known amounts to serum or bile, respectively, were found in the final colorimetric estimation after paper chromatographic analysis. Duplicate determinations agreed within 8%.
During the course of the continuous intravenous infusions, BSP and its metabolites were excreted in the bile in nearly constant proportions (Table   II) . While the biliary excretion of BSP was maximal, the proportion of serum BSP in metabolized form increased as a function of time, independently of the rate of infusion or the serum concentration of BSP attained. The linear regression equation for serum BSP conjugates on time was y = -7.63 + 0.3400x, and the r was highly significant (p < 0.001).
Constancy of Tm. Urinary excretion of BSP during 'the 3 hours of continuous infusion remained relatively constant, ranging from 0.4 to 0.5 mg per minute and amounting to about 7%o of the total BSP infused. Table III shows that 90.9 and 93.0%o of the infused BSP could be accounted for during the first and second studies, respectively. Uptake of BSP by extrahepatic tissue was not considered.
After completion of the third infusion period in the first study, bile collected for an additional 3 hours, without further infusion of BSP, still contained BSP excreted at the same maximal rate (Figure 5a) After completion of the third hour of the second study, a fourth infusion of BSP at 2.9 mg per minute was started (Figure 5b ). At this rate of infusion (theoretical Tm) the serum BSP this tiue, and it is unlikely that extrahepatic removal of BSP was responsible for the observed decrease in serum BSP (2) .
Discussion
The inherent limitations of attempts to obtain complete collections of bile in man are well appreciated. In the patient studied, however, liver biopsy and conventional tests of hepatic function gave little indication of impairment, but complete obstruction of the common bile duct was proved. The presence of a T-tube above the obstruction permitted, a nearly complete collection of the biliary drainage. The "recoveries" of BSP in bile and the virtual absence of fecal urobilinogen attest to the adequacy of collection and minimize the significance of possible accessory-duct drainage in this subject.
Obviously, the recorded observations represent abnormal rather than normal physiologic phenomena. The values obtained directly and indirectly for Tm (as well as indirectly for S) were decidedly below the normal range of values we have estimated with the constant infusion technic (4). The deleterious effects of common-duct obstruction on liver function, particularly at the ultramicroscopic (6) and enzymatic (7) levels, have been well established. Also, diversion of bile to the exterior results in alterations of the normal physiology (8) . However, in these experiments a Tm of BSP was found which-once established-held constant despite different rates of infusion and regardless of increment or decrement in the plasma concentration of BSP. That the Tm was maintained in the face of changing rates of bile flow suggests a rate rather than a concentration maximum.
The indirect measurement of Tm from observations on peripheral plasma concentrations during different rates of infusion resulted in values only slightly greater than those simultaneously obtained by spectrophotometric determinations of BSP in bile. This indicated that, despite mild impairment of liver function and the fact that some extrahepatic removal is known to occur (9), biliary excretion was the major mechanism for BSP elimination. Since the theoretical Tm-includes both biliary and urinary excretion, the calorimetric Tm is even closer to the actual biliary excretory Tm than indicated here. It has been shown that a metabolic transformation of most BSP administered intravenously occurs in the liver (10) and that this conjugation occurs primarily with glutathione (11) . Since the BSP conjugates in bile may have a lower molar extinction coefficient than BSP itself, the biliary excretory rate may have been, if anything, underestimated by the colorimetric technic (12) .
Whether there are separate Tm's for free BSP and BSP conjugates has not been determined. BSP and its conjugates may, because of structural differences, utilize independent transport mechanisms (13) . Unfortunately, a study of the enterohepatic circulation of BSP (14) was not accomplished in this patient. Since bile was diverted to the exterior, the influence of this system on biliary excretion has been excluded from these experiments. However, the enterohepatic circulation of 13SP seems to be of rather limited magnitude (2).
Brauer and Pessotti (15) Infusion of BSP at the theoretical Tm resulted in a steady state of serum BSP concentration, whereas colorimetrically determined maximal biliary excretion remained constant. The constant Tm was unaltered by sudden increase of serum BSP, indicating accumulation of BSP in the liver, and was likewise unchanged by sudden decrease of serum BSP, indicating depletion of stored dye.
